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(54) OPTICAL RECORDING MEDIUM AND REPRODUCING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical 
recording medium capable of reproducing a signal from a 
smaller recording pit than a spot of light in a good S-N 
ratio under high reliability and capable of high density 
recording and reproduction without reducing a spot of 
light and to provide a reproducing method for the optical 
recording medium. 

SOLUTION: This optical recording medium 9 has at least 
a recording and reproducing layer and a mask layer 2. 
The transmittance and resistivity of the mask layer 2 in 
a central part in a spot of light rise and the 
transmittance, reflectance and resistivity of the mask 
layer 2 in a peripheral part in the spot of light lower. In 
the reproducing method for the optical recording medium 
9, the quantity of a spot of light is made larger than the 
threshold quantity in which the mask layer 2 changes 
from an insulator into a metal and the temperature of 
the central part of the spot of light is made higher than 
the threshold temperature at which the mask layer 2 

changes from the metal into the insulator. In the reproducing method for the optical 
medium, proximity light generated by way of an opening in the central part of a spot 
intensified by a circular low resistance region formed around the opening. 
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* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Claim 1]An optical recording medium being a mask layer which light transmittance of said mask 
layer decreases by optical exposure, and increases according to temperature up in an optical 
recording medium provided with a recording layer and a mask layer on a substrate. 
[Claim 2]An optical recording medium, wherein light transmittance of the central part in light spot 
of light had and irradiated with a threshold in the optical recording medium according to claim 1 
to light volume of light said mask layer was irradiated is the mask layer which was higher than 
transmissivity of a light spot inner periphery edge, and was set up lower than transmissivity of a 
**** irradiation part. 

[Claim 3]An optical recording medium, wherein resistivity of the central part in light spot of light 
had and irradiated with a threshold in the optical recording medium according to claim 1 to light 
volume of light said mask layer was irradiated is the mask layer which was higher than resistivity 
of a light spot inner periphery edge, and was set up lower than resistivity of a **** irradiation 
part. 

[Claim 4]An optical recording medium, wherein transmissivity of said mask layer and resistivity 
change are induced by metallic insulator transition in the optical recording medium according to 
claim 1 to 3. 

[Claim 5]In a method of reproducing information, while irradiating an optical recording medium 
which it is the optical recording medium provided with a recording layer and a mask layer on a 
substrate, and transmissivity of this mask layer decreases by optical exposure, and increases 
according to temperature up, A regeneration method of an optical recording medium setting up 
beyond threshold temperature which carries out light volume of light spot of light irradiated by 
said mask layer more than threshold light volume which a mask layer transfers to metal from an 
insulator and, to which temperature of the light spot central part transfers it to an insulator from 
metal. 

[Claim 6] In a method of being the optical recording medium provided with a recording layer and a 
mask layer on a substrate, and transmissivity of this mask layer decreasing by optical exposure, 
using near field light for an optical recording medium which increases according to temperature 
up, and reproducing information, A regeneration method of an optical recording medium 
reinforcing near field light generated via an opening of the light spot central part by an annular 
low resistance area formed in an opening periphery. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]By light or near field light, this invention relates to an optical recording 

medium which reproduces information, and a regeneration method for the same. 

[0002] 

[Description of the Prior Art]Although the densification of optical memory is remarkable so that 
it may be represented by DVD (Digital-Versatile-Disk) and the magneto-optical disc in recent 
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years, and storage density more than number Gbit/in 2 is already realized, Large scale-ization by 
the further densification is called for as what is called a storage device for home servers aiming 
at storing an animation etc. 

[0003] Since storage density is fundamentally prescribed by the light spot diameter (temperature 
distribution which light spot forms correctly) to such optical memory, Short wavelength 
formation of a light source by the development of blue-purple color laser which aimed at 
formation of the smaller light spot diameter (light intensity specifies it as the range which 

becomes 1/e 2 ), and expansion of NA (numerical aperture) in SIL (Solid-Immersion-Lens) are 
advanced. 

[0004]On the other hand, the super resolution art using a mask layer is beginning to be 
energetically studied in order to make possible record reproduction of a bit narrower than a light 
spot diameter other than such reduction art of a light spot diameter. The super resolution art 
using a mask layer is using the temperature distribution in the light spot diameter formed in a 
mask layer by carrying out an optical exposure, or luminous energy distribution, and carrying out 
an opening narrower than a light spot diameter, and is art which reproduces a bit narrower than a 
light spot diameter without a cross talk. For example, in JP,8-7333,A, "the optical information 
medium using the mask layer to which it is carrying out temperature up more than the transition 
temperature which exists in the range of 200-450 ** by carrying out an optical exposure, and 
producing transition between crystal-crystals, and the reflectance of regenerated light is 
changed" is indicated. In addition, it is also indicated that the breeching layer in which 
transmissivity increases with increase of incident light intensity, and the mask layer using non- 
linear optical materials, such as glass, an organic layer, and a low melting point metal are 
proposed. The proposal of the high-density near-field-light record using a mask layer is also 
made. For example, according to the contents indicated to Applied Physics Letters, Vol.73, 
No.15, (1998), and pp.2078-2080. It is supposed by forming an opening narrower than light spot, 
using an antimony film as a mask layer that the reproduction using near field light will be 
realizable. In the signal regeneration by the super resolution art using such a mask layer, (1) 
Since it is required that high reliability, like not causing reproduction destruction at the time of 
opening formation and there is no restriction in (2) repeat frequency should be fulfilled, it 
becomes important whether an opening is formed in a mask layer by using what kind of principle. 
[0005] 

[Problem(s) to be Solved by the Invention]However, in the mask layer by the above-mentioned 
conventional technology, the lowness of the repeat frequency by using the phase change 
accompanied by the reproduction destruction resulting from high opening forming temperature 
and (1) (2) melting and an organic layer, etc. had a problem in the reliability. When S/N (Signal to 
Noise ratio) falls, and especially near field light is used, in order to fall remarkably, there is a 
problem that signal regeneration becomes difficult, as an opening is made narrow. This invention 
is made in order to solve an aforementioned problem, and it is a thing. 

the purpose is for it to be alike also in **, to make it possible to reproduce the signal from a bit 
narrower than light spot with sufficient S/N, not to decrease light spot, and for ** to also 
provide an optical recording medium in which high-density record reproduction is possible, and a 
regeneration method for the same. 

[0006] 

[Means for Solving the Problem]Invention-in-this-application persons paid their attention not 
only to an opening formed in the light spot central part but to its peripheral region (light spot 
edge part), in order to realize an optical recording medium with sufficient S/N in which super 
resolution reproducing is possible, and a regeneration method for the same. 
[0007]In an optical recording medium provided with a recording layer and a mask layer on a 
substrate, light transmittance of said mask layer decreases by optical exposure, and this 
application 1st invention for attaining the above-mentioned purpose is characterized by being a 
mask layer which increases according to temperature up. 

[0008]In the above-mentioned optical recording medium, light transmittance of the central part 
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in light spot of light had and irradiated with a threshold to light volume of light said mask layer 
was irradiated is higher than transmissivity of a light spot inner periphery edge, and is 
characterized by being the mask layer set up lower than transmissivity of a **** irradiation part 

[0009]In said optical recording medium, resistivity of the central part in light spot of light had and 
irradiated with a threshold to light volume of light said mask layer was irradiated is higher than 
resistivity of a light spot inner periphery edge, and is characterized by being the mask layer set 
up lower than resistivity of a **** irradiation part. 

[0010]In said optical recording medium, transmissivity of said mask layer and resistivity change 
are induced by metallic insulator transition. 

[001 1]In a method of reproducing information, while irradiating an optical recording medium which 
it is the optical recording medium provided with a recording layer and a mask layer on a 
substrate, and transmissivity of this mask layer decreases by optical exposure, and increases 
according to temperature up. It sets up beyond threshold temperature which carries out light 
volume of light spot of light irradiated by said mask layer more than threshold light volume which 
a mask layer transfers to metal from an insulator and to which temperature of the light spot 
central part transfers it to an insulator from metal, and an optical recording medium is 
reproduced. 

[0012]In a method of being the optical recording medium provided with a recording layer and a 
mask layer on a substrate, and transmissivity of this mask layer decreasing by optical exposure, 
using near field light for an optical recording medium which increases according to temperature 
up, and reproducing information, Near field light generated via an opening of the light spot central 
part is reinforced by an annular low resistance area formed in an opening periphery. 
[0013] 

[Embodiment of the Invention]An optical recording medium concerning this invention and a 
regeneration method for the same are explained in order of the example of the principle (d) 
reproduction of the S/N enhancement in the principle (c) near-field-light reproduction of the 
improvement in principle (b) S/N of (a) opening formation. 

(a) Principle drawing 1 of opening formation is an outline sectional view explaining the optical 
recording medium of this invention, and the principle of opening formation. First, the composition 
of the recording medium 9 is explained. As the recording medium 9, the mask layer 2 is formed 
on the transparent substrate 1 , and, subsequently the lower protective layer 3, the recording 
layer 4, and the top protective layer 5 are formed. Since a protective layer is formed between 
the transparent substrate 1 and the mask layer 2, it cannot be overemphasized that a reflection 
film which is generally used may be formed. On this recording medium 9, it irradiates with a laser 
beam via the optical pickup 10 from the transparent substrate 1 side. It may be thought that the 
light volume in the light spot formed on the mask layer 2 is a normal distribution. The opening is 
formed by using the luminous energy distribution or temperature distribution in light spot, and 
generally, increasing the transmissivity of the central part 7 in light spot in the mask layer 2. In 
the mask layer 2 of this time former, it is considered similarly that the light spot inner periphery 
edge 6 is a field (field where transmissivity is low) where light is not irradiated. In this invention, 
the mask layer 2 with high transmissivity is used also in a **** irradiation part. That is, a mask is 
formed because transmissivity decreases by optical exposure in the field in light spot, further, 
the central part 7 in light spot responds for carrying out temperature up, and forms an opening, 
and the light spot inner periphery edge 6 acts as a mask which surround an opening annularly. 
Therefore, it has the feature that an opening and a mask are formed in a self aryne. Such an 
opening and a mask explain below the principle of the opening formation formed in a self aryne. 
[0014] Drawing 2 (a) shows the relation between the temperature in the mask layer 2 of this 
invention, and resistivity, and drawing 2 (b) shows the relation between temperature and 
transmissivity. Temperature was taken along the horizontal axis, along the vertical axis, the 
logarithm of resistivity is taken in drawing 2 (a) t and transmissivity is taken by drawing 2 (b). As 
are shown in drawing 2 (a), and it is an insulating phase with dramatically large resistivity, and 
insulation is maintained and it is shown in drawing 2 (b) at a temperature lower than Tc although 
resistivity falls at a temperature higher than transition temperature (referred to as Tc below), 
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The reduction in transmissivity is not so large and is the mask layer 2 with high transmissivity 
also in a **** irradiation part. At the temperature below this Tc, the material in which the 
insulator metal transfer by optical exposure exists is used as the mask layer 2. For example, Pr^ 

x Ca x Mn 1+y 0 3 (x= 0.3 to 0.5, y= 0.0-0.1) is known as an oxide of a perovskite structure, By this 

material system, it is possible to change Tc continuously from near a room temperature to near 
100 ** by making Ca doped quantity x or the amount y of Mn increase. In addition, it is possible 
what doped Sr to PiVx Ca x Mn 1+y 0 3' and to use La l _ x Ca x Mn 1+y 0 3 (x= 0.6 to 0.7, y= 0.0-0.1) etc. 
[0015]The relation of the light volume and resistivity with which the mask layer 2 was irradiated 
is shown in drawing 3 (a), and the relation between transmissivity and light volume is shown in 
drawing 3 (b). Light volume was taken along the horizontal axis, along the vertical axis, the 
logarithm of resistivity is taken in drawing 3 (a), and transmissivity is taken by drawing 3 (b). If 
light volume is increased as shown in drawing 3 (a), resistivity will fall by no less than 5-6 figures 
steeply by Pth. That is, transition to metal from the insulator by optical exposure arises. If light 
volume is furthermore increased, resistivity will increase the mask layer 2 by figures triple [ 2-] 
steeply at Ptc. As transition to the insulating phase in which resistivity is a little inferior from the 
insulating phase of resistivity high only by raising temperature is acquired in Tc so that drawing 2 
and drawing 3 may be compared and understood but, By performing an optical exposure, 
transition to metal from an insulator, transition to an insulator from metal, and metallic insulator 
transition of two convenience will be acquired by making light volume increase. This reason is 
explained using drawing 4 . Drawing 4 is what took light volume along the horizontal axis and took 
the temperature of the mask layer 2 along the vertical axis, and shows the relation between the 
light volume with which the mask layer 2 was irradiated, and the temperature of a mask layer. 
According to light volume, temperature up of the mask layer 2 will be carried out so that drawing 
4_may show, but more than the light volume Ptc, the temperature of a mask layer becomes more 
than Tc. That is, the 2nd metallic insulator transition will arise according to temperature up. 
Since the temperature of the mask layer 2 became more than Tc because light volume increases 
as drawing 2 showed, the metallic phase produced as a result of the insulator metal transfer by 
optical exposure disappears, and this is considered that the insulating phase by the side of an 
elevated temperature appeared from Tc. On the other hand, as shown, change of transmissivity 
supports drawing 3 (b) with change of resistivity, transmissivity decreases corresponding to 
transition to the metallic phase by the light volume exposure more than Pth, and transmissivity is 
increasing again in the light volume more than Ptc. Therefore, the threshold of the light volume 
of Pth and two Ptc(s) will exist in the mask layer 2, and a steep change of resistivity and 
transmissivity will be obtained bordering on the threshold. Then, when it irradiates with an optical 
beam on the recording medium 9 in which the above-mentioned mask layer 2 was formed, 
explanation is recommended about how change takes place within a light spot diameter. Drawing 
5_showed the luminous energy distribution in the light spot irradiated by the optical pickup 10 on 
the recording medium 9. Along the horizontal axis, track width direction (it corresponds to disk 
radial) X was taken, the light spot center was made into the starting point, and light volume is 
taken along the vertical axis. Since it is easy, light spot is a circle, and it is assumed that the 
light intensity distribution turns into a normal distribution. Pth shows the light volume threshold 
transferred from an insulating layer to a metallic phase, and Ptc shows the light volume threshold 
to which the temperature of the mask layer 2 becomes more than Tc, and becomes an insulating 
phase by the side of an elevated temperature from a metallic phase from Tc. A horizontal axis is 
arranged and both change of the resistivity corresponding to luminous energy distribution and 
transmissivity is shown in drawing 5 . Light volume corresponds to the field more than Ptc, and 
the central part 7 in light spot is expressed as X=-Tw/2 - Tw/2. Light volume is a field below 
more than Pth and Ptc, and the light spot inner periphery edge 6 is expressed as X=-W/2 — 
Tw/2W/2, and Tw/2 - W/2. Thus, if the character of the central part 7 in light spot formed and 
the light spot inner periphery edge 6 is observed, The fields where the transmissivity of the light 
spot inner periphery edge 6 formed annularly highly is low surround the transmissivity of the 
central part 7 in light spot, and, externally, it turns out [ of the light spot inner periphery edge 6 ] 
further that transmissivity is high. Therefore, so that it may become more than threshold 
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temperature Tc which is carried out more than the threshold light volume Pth to which the mask 
layer 2 transfers the light volume of light spot to metal from an insulator, and the temperature of 
the central part 7 in light spot transfers to an insulator from metal again, Namely, in order that 
the central part 7 in light spot may act as an opening and the light spot inner periphery edge 6 
may act as a mask by irradiating with an optical beam so that luminous energy distribution may 
become in the central part 7 in light spot more than Ptc, It becomes possible to reproduce the 
signal from a bit narrower than a light beams diameter without a cross talk (super resolution 
reproducing). The top view of the mask layer 2 shown in drawing 6 explains this situation again. It 
is shown among drawing 6 t hat transition to the metallic phase by optical exposure has not 
generated the field shown with the point. The light spot inner periphery edge 6 (mask) expresses 
the path as W, and shows it in the smeared-away annular region. The central part 7 (opening) in 
light spot expresses the path as Tw, and shows it with the circle without white. By adjusting Pth 
and Ptc, it extends in the range in a light spot diameter, or the path of this light spot inner 
periphery edge 6 (mask) can be narrowed, and when the central part 7 (opening) in light spot also 
adjusts Ptc, it can control that path. As mentioned above, light spot is not decreased by using 
the mask layer by this invention, and ** also forms an opening and a mask in a self aryne, and 
can realize an optical recording medium [ be / no cross talk ] in which density reproduction is 
possible, and a regeneration method for the same. 

[0016]Although it is thought that change of the steep resistivity and transmissivity in this mask 
layer 2 is obtained when metallic insulator transition takes place steeply, since metallic insulator 
transition is a phase transition between solid phase-solid phase, high reliability is acquired also in 
a repetitive characteristic. Since Tc can set up low enough (it being higher than a room 
temperature) to already have illustrated, an opening can be formed by low light power, and there 
are also no problems, such as reproduction destruction. 

[0017]Since it generates in ns (less than) at very high speed, this metallic insulator transition has 
the feature that speed of response quick enough as the mask layer 2 of optical memory asked 
for high-speed record reproduction is obtained. 

(b) although the fall of the S (signal quantity) by bit size becoming small itself was also one of 
causes of the S/N fall which poses a problem in the super resolution art using the principle mask 
layer of the improvement in S/N, N (noise) by using a mask layer found out that it was the big 
cause of an S/N fall. As shown in conventional technology, as a mask layer, there are what has 
the high transmissivity of textile glass yarn, and what has the low transmissivity of a metal 
system, but. The catoptric light from the recording layer which let the mask pass with glass with 
high transmissivity becomes large as a noise, and the catoptric light from a mask surface 
becomes a major factor as a noise by a metal system with low transmissivity. 

[0018]Below, the mask layer of this invention explains that the noise by the above-mentioned 
cause can be reduced. The wavelength of light is taken along a horizontal axis and it has taken 
reflectance along the vertical axis, drawing 7 was transferred to the metallic phase by optical 
exposure, i.e., it shows the reflectance in the mask part. Reflectance was indicated to be R. The 
wavelength of the semiconductor laser used by optical recording is mainly among 400-780 nm, 
and it turns out [ in / at least / this wavelength range ] that reflectance is low fixed. For 
example, by above Pr l _ x Ca x Mn 1+y 0 3 , reflectance shows 20% or less and constant value low 

enough. That is, with the annular mask which surround an opening, although transmissivity is low 
of course, it turns out that reflectance is also sufficiently low compared with a transition metal 
etc. In the metallic phase transferred by optical exposure, it becomes possible not only for 
transmissivity to to be low, but to reduce the catoptric light from the catoptric light and the 
mask layer surface from a cause slack recording layer of a noise as a mask layer, and to raise 
S/N, since even reflectance is low. By adjusting the two light volume thresholds Pth and Ptc, it 
is suitable for reducing the unnecessary reflected light quantity in light spot that the size of a 
mask is also controllable, and it is effective in the improvement in S/N. Since the reflectance in 
a mask part is constant in the wavelength range of the semiconductor laser used by optical 
recording, it is useful also as a mask layer of the optical recording device using the wavelength 
from which optical recording differs. 

(c) Explain the principle of the S/N enhancement in near-field-light reproduction, then the 
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principle of the S/N enhancement in the near-field-light record reproduction which becomes 
more serious [ the problem of an S/N fall ]. Although a means to improve S/N by mainly 
reducing a noise in the above-mentioned "principle of the improvement in (b) S/N" was 
explained, Super-high-density record is expected in the optical recording using near field light, 
Since the bit size assumed is as small as 100 nm or less, it adds to the signal quantity itself 
becoming small, the efficiency (for example, expressed with the near-field-light intensity to 
incident light intensity) of near-field-light generating — about — since it becomes small, 
applying a ring, a 10 73 grade and the intensity of the low remarkably and detected near field light 
become indispensable for amplifying the signal (S) itself to realize near-field-light record. First 
the conventional example of the signal regeneration using near field light is explained using 
drawing 9 . Here, since it is easy, the outline sectional view which expanded the mask layer 2, the 
lower protective layer 3, the recording layer 4, and the top protective layer 5 as the recording 
medium 9 is shown in drawing 9 (a), and the top view of the mask layer 2 is shown in drawing 9 
(b). Phase change material germanium 2 Sb 2 Te 5 is used for the recording layer 4, and the 

antimony film is used for the mask layer 2. By irradiating an antimony film with a laser beam, the 
high temperature portion of the central part 7 in light spot fuses, and it changes from opacity 
transparently. The opening of the size below the diffraction limit of light occurs in the mask layer 
2 by this, and the recording bit 8 of the recording layer 4 is read. At this time, the thickness of 
the lower protective layer 3 has set up thickness so that the near field light 12 generated via the 
opening may reach the recording layer 4. Thereby, it is supposed that a recording mark of 100 
nm or less is renewable. However, since it is [ the regenerative signal read by doing in this way ] 
very small, although a narrow bit can be formed for the above reasons, when it realizes high 
density recording, it poses a big problem. Although it is possible to use amplification by the 
resonance of the laser beam and metal which are well known in the experiment of infrared 
absorption, etc. as the technique of reinforcing near field light, As long as the mask part which 
surround an opening as shown in the conventional example uses the mask structure which 
spreads uniformly, Since the elementary excitation 11 dissipates to a uniform mask area even if 
excitation efficiency is dramatically small and is able to excite, or it cannot excite the elementary 
excitation 1 1, it is thought that near field light cannot be amplified. Next, the principle of the 
near-field-light amplification by the mask layer 2 of this invention is explained. The sectional 
view which expanded the mask layer 2, the lower protective layer 3, the recording layer 4, and 
the top protective layer 5 to drawing 8 as the recording medium 9 was shown in drawing 8 (a) 
like drawing 9 . and the top view of the mask layer 2 was shown in drawing 8 (b). A point greatly 
different here from the mask of a conventional example is a thing which surround an opening and 
which is formed annularly rather than has a uniform mask part formed in the mask layer 2. Thus, 
it turns out that the annular rate field of low resistance where the resistivity of an opening is 
high encloses the opening and mask which are formed as shown in drawing 5 , and it becomes the 
structure where resistivity is high in the exterior. Namely, as for the mask part which consists of 
the light spot internal circumference edge field 6, the inner area and an outside area are 
surrounded by the field of high resistivity. A low resistance area will be annularly formed by using 
the insulating transparent substrate 1, using an insulator layer as a lower protective film. Thus, 
by forming a low resistance area, i.e., a metal field, annularly. It becomes possible to excite the 
elementary excitation 1 1, such as plasmon by resonance with a laser beam, in a mask part, 
Although it is not clarified what kind of the mode this elementary excitation 11 is, the big 
electromagnetic field which carried out localization by being shut up in this annular mask area 
amplifies the intensity of near field light remarkably by interacting with the near field light formed 
via an opening. Thus, by mask areas' surrounding an opening and forming them in annular, since it 
becomes possible to use for amplification of near field light the electromagnetic field which is 
excited by this annular mask part and which carried out localization and enhancement of S/N is 
attained in the reproduction using near field light, high-density optical recording is realizable. 
Although it is thought that it depends also on the size of an annular field for this electromagnetic 
field that carried out localization, since the field of a mask part can be adjusted with the 
thickness of Pth, Ptc, and the mask layer 2, by this invention, it has the feature that it is 
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possible to design a mask for it to have been suitable for amplification of near field light, 
(d) Explain the example of reproduction, then the example of reproduction using the super 
resolution art of this invention. First, the structure of an optical recording medium is explained 
briefly. On the sapphire single crystal transparent substrate of 2.5 inch phi (the outer diameter 
65, the inside diameter 20, and 0.635 mm in thickness), Pr i- x Ca x Mn 1+y 0 3 is formed as a mask 
layer by the thickness which is 20 nm. A Si0 2 ? ZnS film (80 nm of thickness) is formed in a 
Si0 2 ? ZnS film (80 nm of thickness) as a lower protective layer, and is formed in the upper part 

of this mask layer as a GeSbTe film (20 nm of thickness), and a top protective layer as a 
recording layer. A mask layer shows about 80 ** as Tc. This was confirmed by measuring the 
temperature dependence of resistivity. It is because it is suitable for growing up the mask layer 
which similarly consists of oxides with sufficient crystallinity from it being an oxide single crystal 
in addition to the transparent substrate having used the sapphire single crystal transparent 
substrate, and thermal conductivity and heat resistance being smooth high and single crystal 
transparent substrates. A protective layer may be formed between a substrate and a mask layer, 
or a reflection film may be formed on a top protective layer. 

[0019]The device used for evaluation was considered as the composition which irradiates with a 
laser beam via the optical pickup 10 from the transparent substrate 1 side on this recording 
medium 9, as shown in drawing 1 . As the optical pickup 1 0, the with the wavelength of 650 nm 
and a beam diameter [ of a track width direction ] of 1.1 micrometers thing is used. The optical 
exposure was performed to the above-mentioned recording medium 9 using the above- 
mentioned optical pickup 10, and the signal regeneration from a recording bit was tried, changing 
the output of an optical beam. The cross talk became large although the amount of detection 
light had much power of an optical beam in 1 mW. This is considered because the mask is not 
formed by the power of a 1-mW optical beam. When optical beam power was made to increase, 
in 1.2 mW, the amount of detection light fell rapidly. That is, it is thought that the mask was 
formed. At this time, since the signal itself is no longer detected, it is thought that the opening 
has not been formed yet. When it was made to increase to 1 .5 more mW, signal quantity also 
increased with the increase in the amount of detection light. That is, in the central part in light 
spot, temperature rises more than Tc and is considered that an opening begun to be formed. In 
proportion to optical beam power, the signal increased the amount of detection light to 2 mW 
with increase. At this time, the noise level was low and it was checked that the increase in a 
signal contributes to the increase in S/N. When the increase in a cross talk was seen and the 
power of the optical beam was further increased from not less than 2 mW, the cross talk became 
large like the time of irradiating with an optical beam by 1 mW of power. Temperature up of this 
is carried out in all the field in light spot more than Tc, and it is considered that the mask 
disappeared. Then, in order to perform near-fieldHight reproduction, except that it makes 
thickness of a lower protective layer thin with 1 5 nm and near field light enabled it to fully reach 
the thickness from a mask layer to a recording layer, reproduction of the recording bit which 
consists of size of 100 nm using the recording medium which consists of the same composition 
was tried. After the amount of detection light fell [ optical beam power ] rapidly in 1.2 mW and 
the mask layer was formed, optical beam power is made to increase and a signal began to be 
detected with the increase in the amount of detection light at 1.5 mW. When optical beam power 
was made to increase furthermore, the phenomenon in which a signal increased rapidly in 1.6 
mW ? 1.8 mW was checked. In not less than 1.8 mW, the cross talk became large, and signal 
detection became impossible in 2 mW. An opening diameter increases with optical beam power, 
this means that the signal increased rapidly, when the size of the annular low resistance area 
which is a mask becomes a fixed size, and it is considered that this annular low resistance area 
amplified near field light. A fall of signal strength, an increase in a jitter, etc. by repeating 
reproduction and performing it were not seen, but it was checked that it is satisfactory also in 
reproduction destruction or a repetitive characteristic. Since signal amplification can be carried 
out also when it becomes possible to reproduce the signal from a bit narrower than light spot 
with sufficient S/N and near field light is used for the basis of high reliability by this invention, as 
stated above, light spot is not decreased and the optical recording medium in which high-density 
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record reproduction of ** is possible is realized. Without being restricted to this, although the 
semiconductor laser with a wavelength of 650 nm was used for the light source here, even if it 
uses light sources, such as 780 nm and 635 nm and 400 nm, an opening and a mask are formed 
similarly and reproduction of high density recording is possible. 
[0020] 

[Effect of the Invention]According to this invention, it becomes possible to form the field where 
transmissivity is low so that the field where transmissivity is high may be surrounded by 
adjustment of light volume because the transmissivity of a mask layer decreases by optical 
exposure and increases according to temperature up. Light volume of the light spot formed on a 
recording medium is carried out more than the threshold light volume which a mask layer 
transfers to metal from an insulator, When making it the temperature of the central part in light 
spot become more than threshold temperature Tc of a mask layer, it becomes possible to form 
an opening and a mask in light spot at a self aryne, and to reproduce the signal from a bit 
narrower than light spot without a cross talk. It becomes possible to reduce the noise resulting 
from the transmitted light from a mask part, and catoptric light by making low reflectance of the 
mask formed in a light spot inner periphery edge. Since the transmissivity of a mask layer and 
resistivity change have a threshold, an opening and a mask will be formed steeply. An opening is 
formed quickly enough from the transmittance change of a mask layer and resistivity change 
being what is induced by metallic insulator transition, and an optical recording medium reliable 
again is obtained. The resistivity of the central part in light spot is high, by making low resistivity 
of a light spot inner periphery edge, since a mask part becomes an annular low resistance area, 
the near field light generated via the opening of the central part in light spot is amplified, and 
high-density record reproduction becomes [ rather than ] possible using near field light. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline sectional view explaining the optical recording medium of this 
invention, and the principle of opening formation. 

[Drawing 2] (a) shows the relation between the temperature in the mask layer 2, and resistivity, 
and (b) is a figure showing the relation between temperature and transmissivity. 
[Drawing 3] (a) shows the relation of the light volume and resistivity with which the mask layer 2 
was irradiated, and (b) is a figure showing the relation between light volume and transmissivity. 
[Drawing 4] It is a figure showing the relation between the light volume with which the mask layer 
2 was irradiated, and the temperature of a mask layer. 

[Drawing 5] It is a schematic diagram showing the luminous energy distribution in the light spot % 
irradiated by the optical pickup 10 on the recording medium 9. 

[Drawing 6] It is a top view showing the relation of the opening and mask in the mask layer 2. 
[Drawing 7] It is a figure showing the wavelength dependency of the reflectance in the mask part 
transferred to the metallic phase by optical exposure. 
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[Drawing 8] (a) It is an expansion outline sectional view explaining the principle of near-field-light 
amplification of this invention, and is (b) outline top view. 

[Drawing 9] (a) It is an expansion outline sectional view showing the conventional example of the 
optical recording using near field light, and is (b) outline top view. 
[Description of Notations] 

1 Transparent substrate 

2 Mask layer 

3 Lower protective layer 

4 Recording layer 

5 Top protective layer 

6 Light spot edge part 

7 Light spot central part 

8 Recording bit 

9 Recording medium (disk) 

10 Optical pickup 

1 1 Elementary excitation 

12 Near field light 
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<osam» 9 ±k«wisir i ah* h% t * ztvvio 

0ilt(JSfi6 5 0nm, b 5 v ^itl^fSjOf 
-All. 1 um<Db<D%m^X^Z 0 Jhi3©3£t:'? # 
7-^10 %m>T±ie©§2#SJi#9 (C7EM*f£t?t\ 

^t'-ACDm^^^ts-a-^e.iais^i' ^^©{f-si 10 

lftttJ:**tt^l>*i* P X h - < & -o /c. CW1 

1 mW©7fctf-A©/W~^«VX^7&5^)&3ttTt,>ft 
3fce~A^«7--£*tJjn3ti-Tt,>< 
i. 1. 2m?(CfeCit^Mi^ilt(CfiTbfc„ t 
ftfofc. vx^ffiJj^ti/ci^^tiS,, £©£*> 

<t^e#fctfem3ftft < u-yfcc tap^nu^tmOb 
< . mmwav s /wmtctt-fz e t wmasti 

/c„ 3e>K\ 2mWW±*iP>«^aX h-i7©tiJn*^ 
6ft3 6fC:£fcf~-A©^"7--£:tfflirr Si 1 mWO^W 

#*£<fto/c Chtt3fe^^? H^ft©i«tTc 
2>§&mM#&m\,>T l 0 0 nm©lMXj&>i=>ftSia»fc: 

^r^a^ft&5.mss[«:ffiTb-7x *a*«c3ft/cfiL 

?fctr-~A^>7~-£tiJjn3-e 1 . 5 mWiCT&ffl:)fcfi©ii 

V-ZiSmS&Zt 1. 6mW?l. 8mW{cbl»tfil 
*fcM*#*i*TSSl^WS83*lfc. 1. 8mwy± 
"Ctt f P X h - ? £ < ft 9 2 m-WTttfi#tfcttWi-C 40 

{C« *U 7^ #T?*4«tt©<Ki&S«*©lM 
3£©*# 3 &Cft -jfcit KflliUKfi^jWiMip L/c C £ * 

M#*tt©<5T*»y » * -©ifflnft £«m 6 n-r. w£ 

n/c «±^-</cct^(c. ^B^cccto. m>ft!iitt© 
*>£«:. ^x** h jco^UKfhfte? bifihcomms 
/N«t<s*ract3W?isti!a:»3. as»^*ffli>/c so 



^2 0 0 1 -56 96 1 
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£. S/c, CC-CBSfi6 5 0nm©*iftU-if-l: 
*«{CfflC>fc*5. Cft&CPRe>ft£C<!:&< , 7 8 0 n m 
^6 35nm, 4 0 0 nmft£'©;)fc^S:ffll,>T&|aJ;fiK: 

*£„ 

[0 02 0] 

[#fc93©$WI] ^ggtcjcfttf, v^i'B©^^^ 
«8W«:j:0«il>o#a«:«t»)*^:-rsci'r v 7fc«©W 

^^ns^x** h©^a?:-7Xi7ji*s^^e, 
<Dum&-?z ?m<DmmumT c jsLBcft s j; 5 tc-r -s 

Ci^D^X** b?tiC*i\,>xmnt-?*>7*i*}\,7 
If%^n^ h-^ft<B£^£C£#>5Jfc&<!:ft.5 < , 3 

4fi<nci-c> .*?**»*&©»«#. sw^tce 

•7X^7&5Mil^K:jfM3n-5Ci(cftS <! 3 6CC, v 

x b©s aa^^ ts zmtmm ttt&mi&mmm «: 

*/c. ^XjK? hrt^gp©JStn;^^< x 
teffiSxM^tcftS/ce*^ 3lcx^^ hA4i<C4K)nn«^ 

[0ffi©ffi^ft^] 

[02] (a) iz^xzmztctovtzmmtimmvm 

(b) »aaiaii3p©l««*^l/fcH"C* 

So 

[0 3] (a) «v^^«2KflM*Ofe3fefii»t»i*© 
H«*^U. (b) «7fefi4a®^©BB^*^U/cl3-C 

[04] vX^«2fCj|g«L/c7feS£vX^@©jaS© 
M^^L/c0T&-So 

[05] OtCfcOBBISaiftQitCJHW 
3n/c?tX^^ hF ( 3©7feS^^^U/cSlB§0-C*S. 
[06] vXfS2JC*iWSI§P<*:VX^i©M^^ 

-r¥ffi0r-*s. 

[0 7 ] ^fiSS*{c«fc 9£JSffi^i&^l,/cvx ^sp-ecDS 

[0 8] ( a > *§tw<mmmyti$ta<Dj!m*itiw-?z 



(7) 
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t09] ( a ) mtmftzm^tc%szmcr>u&mzm-r 

1 3§bj§s« 

2 v.xi'Ji 

3 TgPGM 

4 iBOUB 



* 6 bmm$$ 

8 lelSh'^h 

9 

10 %\Zv>?7v7 

1 1 3g®Jils 

1 2 
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5 ±Si5«SB 
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can 



[02] 



log (mm _ 




(a) 




(b) 



[H7 3 




o 



4 0 0 



C8) 



$$ffl2 0 0 1 -5696 1 




(9) 



«f§8 2 0 0 1 -5 6 9 6 1 



[B8] 



[B9] 





(a) 



U) 





(b) 



(b) 
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